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1
INFUSION PUMP

TECHNICAL FIELD

The present invention relates to an infusion pump used
such as in the case of infusing an amount of drug solution for
medical use into a human body.

BACKGROUND ART

Examples of the infusion pump include a finger-type
(peristaltic) infusion pump. The finger-type infusion pump is
of the type that sends an amount of infusion solution by
driving the infusion tube, which is positioned between a
plurality of fingers and a tube pressing plate (pressing plate),
to advance and retract and then compressing the infusion
tube sequentially with each finger, which is also referred to
as a “full-press type”. It is problematic that in such full-press
type infusion pumps, any settling (flat deformation) of the
infusion tube may be occurred, resulting in the reduction in
the rate of infusion per unit time.

As a solution for reducing the settling of the infusion tube,
a midpress-type (half-occlusion type) infusion pump is
proposed (see Patent Document 1, for example). In the
infusion pump described in the Patent Document 1, the
settling of the infusion tube is reduced by providing a
plurality of fingers each of which can be drive the fingers
individually in a pump mechanism, pressing the infusion
tube in a manner that only the upstream and downstream
sides of the infusion tube are fully collapsed while the
intermediate portion of the infusion tube between the
upstream and downstream sides is not fully collapsed, i.e., it
is halfway collapsed. According to this half-occlusion type
infusion pump, although the reduction in the rate of infusion
can be improved, it is not possible to completely eliminate
the reduction of the rate of infusion.

As a technique of forcedly restoring the settling of the
tube or the like, there is a tube restoring technique compris-
ing a primary finger which presses a tube and a secondary
finger which is moved in a direction orthogonal to a pressing
direction for the primary finger, wherein the tube is restored
by the secondary finger (see Patent Document 2, for
example). In such techniques, as the method of driving the
secondary finger, there is a method wherein the secondary
finger is connected to the primary finger via a link mecha-
nism and the secondary finger is driven in conjunction with
the driving of the primary finger. In addition, as the other
driving method, there are the method wherein the primary
finger and the secondary finger are driven individually, the
method wherein each of the primary and secondary fingers
is cam-driven and two cam shafts are connected via a timing
belt to drive the primary finger and the secondary finger, and
the like.

CITATION LIST

Patent Document

Patent Document 1: Japanese Patent No. 3595136

Patent Document 2: Japanese Patent Laid-Open No. HO2-
119690

Patent Document 3: Japanese Patent [aid-Open No. S55-
005485

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, in the infusion pump with the primary finger
and the secondary finger, it is difficult to achieve a linear
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2

relationship between the movement of the primary finger
and the movement of the secondary finger by the method
wherein the secondary finger is driven to the primary finger
via a link mechanism, and it is impossible to move the
secondary finger in conjunction with the deformation of the
infusion tube in an advancing and retracting process of the
primary finger. As a result, since the occurrence of any gap
between a tip of the secondary finger and an outer peripheral
surface of the infusion tube cannot be avoided in the
advancing and retracting process of the primary finger, the
infusion tube may meander between the tip of the primary
finger and the tube pressing plate (meander in an infusion
delivery direction). In this case, the accuracy of the rate of
infusion would be reduced.

Also in the method of driving individually the primary
and secondary fingers and the method of driving each of the
primary and secondary fingers by the respective cam shaft,
as described above, the phase shift between the movement
of the primary finger and the movement of the secondary
finger may occur, and therefore it may be problematic to
reduce the accuracy of the rate of infusion due to the
meandering of the infusion tube as described above. More-
over, these methods problematically may be expensive
because one driving system for each of the primary and
secondary fingers, totally two systems are required.

The present invention has been made in consideration of
these practical problems and intends to provide an infusion
pump which can control the reduction in the accuracy of the
rate of infusion.

Means for Solving the Problems

The present invention involves an infusion pump com-
prising a pump mechanism which presses an infusion tube to
deliver an amount of infusion solution within the infusion
tube, wherein the pump mechanism comprises a primary
finger capable of being advanced and retracted relative to the
infusion tube, the primary finger pressing the infusion tube
when the primary finger is advanced, driving means which
advance and retract the primary finger, and a secondary
finger capable of being advanced and retracted only in one
direction orthogonal to a advancing and retracting direction
of the primary finger. Further, the technical feature is in that
the present infusion pump is configured so that the primary
finger has an inclined surface which is obliquely inclined to
the advancing and retracting direction, while the secondary
finger has an inclined surface which is slidable relative to the
inclined surface of the primary finger and moves the sec-
ondary finger in the orthogonal direction through sliding
relative to the inclined surface of the primary finger, thereby
when the primary finger is advanced and retracted, the
inclined surface of the primary finger and the inclined
surface of the secondary finger slide relative to each other
and the secondary finger is moved in the orthogonal direc-
tion in conjunction with the movement of the primary finger.

The action of the present invention will be described
below.

Firstly, as shown in FIG. 24(1), assuming that an outer
diameter (diameter) of the infusion tube T in a perfect circle
is designated as “d”, its circumferential length is expressed
as “dr”. On the other hand, assuming that the amount of
compression of the infusion tube T when the infusion tube
T is compressed as shown in FIG. 24(B) is designated as
“Ad”, an arc length of the infusion tube T is expressed as
[(d-Ad)mt], the straight portion length of the infusion tube T:
W1 is expressed as

W1 = fdm-(d-Ad)m)/ 2=Ad/2.
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The entire width of the infusion tube T: W2 is expressed as

W2 =Adn /2 +(d - Ad) (65)]

=(7/2-DAd +d.

As apparent from the formula (1), the entire width W2 of the
infusion tube T is proportional to the amount of compression
Ad (assuming that the circumferential length of the infusion
tube is not varied). That is to say, there is the proportional
relationship between the position where the primary finger is
moved to its most retracted position (amount of compres-
sion) and the entire width of the infusion tube T deformed
by the primary finger (width of a part where the tips of the
secondary finger are coupled).

Focusing on this point, in the present invention, the
secondary finger is adapted to be advanced and retracted in
conjunction with the variation of the entire width of the
infusion tube deformed due to advancing and retracting the
primary finger.

In particular, the primary finger has an inclined surface
which is obliquely inclined to the advancing and retracting
direction (an inclined surface with the inclined angle in
consideration of the relationship of the formula (1)), while
the secondary finger has an inclined surface which is slid-
able relative to the inclined surface of the primary finger.
Further, the infusion pump according to the present inven-
tion is configured so that when the primary finger is
advanced, the secondary finger is retracted in proportion to
the variation (increasing) in the entire width of the infusion
tube, while when the primary finger is retracted, the sec-
ondary finger is advanced in proportion the variation (de-
creasing) in the entire width of the infusion tube. Since this
configuration can suppress the occurrence of any gap
between a tip of the secondary finger and an outer peripheral
surface of the infusion tube in the advancing and retracting
process of the primary finger, the meandering of the infusion
tube between the tip of the primary finger and the tube
pressing plate can be prevented. This can improve the
accuracy of the rate of infusion.

Moreover, since the sliding of the primary finger and the
secondary finger (the sliding of their inclined surfaces)
causes the secondary finger to move, only one driving
system is required for the fingers (only one system is
required for the primary finger) and the reduction in cost can
be contemplated. Also, it is advantageously in that the phase
shift between the movement of the primary finger and the
movement of the secondary finger is not likely to occur
comparing to the conventional driving method described
above, i.e., the method of driving individually the primary
and secondary fingers or the method of driving each of the
primary and secondary fingers by the respective cam shaft.

In the present invention, it is preferable to configured that
when the primary finger is in its most retracted position, the
tip of the primary finger is placed in the position corre-
sponding to the outer peripheral surface of the infusion tube,
and the tip of the secondary finger is placed in the position
corresponding to the outer peripheral surface of the infusion
tube.

In the present invention, a single secondary finger may be
provided for the primary finger. Also two secondary fingers
may be provided for the primary finger. In this case, a pair
of tapered inclined surfaces opposingly inclined to the
advancing and retracting direction is provided on the pri-
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4

mary finger and a pair of secondary fingers with an inclined
surface slidable relative to each of the inclined surface of the
primary finger is provided.

In the present invention, the infusion pump comprises a
resilient member which presses the inclined surface of the
secondary finger against the inclined surface of the primary
finger, and the inclined surface of the primary finger and the
inclined surface of the secondary finger may be configured
to slide relative to each other because an inclined surface of
the secondary finger is pressed by an inclined surface of the
primary finger due to the resilient force of the resilient
member (for example, compression coil springs) when the
primary finger is retracted.

Further, the infusion pump comprises connecting means
which slidably connects the primary finger and the second-
ary finger, and the inclined surface of the primary finger and
the inclined surface of the secondary finger may be config-
ured to slide relative to each other due to the connection of
the connecting means when the primary finger is retracted.
In this case, examples of the connecting means may include
a mechanism in which a T-shaped groove and a T-shaped
slider are combined and a mechanism in which a trapezoi-
dal-shaped groove and a trapezoidal-shaped slider are com-
bined.

A particular configuration of the present invention may
involve a configuration in which valve fingers for occluding
openably/closably the infusion tube are provided on each of
the upstream and downstream sides of the infusion delivery
direction of the primary finger (for example, a half-occlusion
type pump mechanism). In this case, a single primary finger
may be provided between the upstream side valve finger and
the downstream side valve finger, or otherwise a plurality of
primary fingers may be provided between them. If the
plurality of primary fingers is provided between the
upstream side valve finger and the downstream side valve
finger, it allows to reduce the pulsation which may be occur
in delivering the infusion solution.

Another particular configuration may involve a configu-
ration in which the pump mechanism comprises a plurality
of primary fingers capable of being advanced and retracted
relative to the infusion tube, the plurality of primary fingers
pressing the infusion tube when the plurality of primary
fingers is advanced, and driving means which moves indi-
vidually the plurality of primary fingers in the advancing and
retracting direction, the amount of infusion solution being
sent out in a peristaltic motion by driving each of the
primary fingers to advance and retract to the infusion tube,
wherein the secondary finger is provided for each of the
primary fingers of the pump mechanism (for example, a
full-press type pump mechanism).

Advantageous Effects of Invention

According to the present invention, in the infusion pump
comprising the primary finger and the secondary finger,
since the primary finger has an inclined surface which is
obliquely inclined to the advancing and retracting direction,
while the secondary finger has an inclined surface which is
slidable relative to the inclined surface of the primary finger,
the secondary finger is moved in conjunction with the
variation of the entire width of the infusion tube. This can
suppress the reduction in the accuracy of the rate of infusion
due to the meandering of the infusion tube.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 An appearance perspective view illustrating an
example of an infusion pump according to the present
invention.
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FIG. 2 A schematic configuration diagram illustrating an
example of the infusion pump according to the present
invention, with a door of the infusion pump opened.

FIG. 3 A partially cut-away front view of a pump mecha-
nism applied in the infusion pump in FIG. 1.

FIG. 4 A partially cut-away diagram taken along X-X of
FIG. 3.

FIG. 5 A side view of an upstream side valve section, a
tube pressing section and a downstream side valve section,
which collectively constitute the pump mechanism.

FIG. 6 A perspective view of only a primary finger and a
pair of secondary fingers, which collectively constitute the
tube pressing section.

FIG. 7 Operation explanatory diagrams of the pump
mechanism illustrated in FIG. 5.

FIG. 8 Operation explanatory diagrams of the pump
mechanism illustrated in FIG. 5.

FIG. 9 Operation explanatory diagrams of the primary
finger and the secondary fingers of the tube pressing section
illustrated in FIG. 4.

FIG. 10 Operation explanatory diagrams of the primary
finger and the secondary fingers of the tube pressing section
illustrated in FIG. 4.

FIG. 11 A cross sectional view illustrating an example of
connecting means which slidably connects the primary
finger and the secondary finger.

FIG. 12 A diagram illustrating a configuration of principal
portions of the other example of the infusion pump accord-
ing to the present invention.

FIG. 13 Operation explanatory diagrams of the primary
finger and the secondary finger of the tube pressing section
illustrated in FIG. 12.

FIG. 14 Operation explanatory diagrams of the primary
finger and the secondary finger of the tube pressing section
illustrated in FIG. 12.

FIG. 15 A schematic configuration diagram of the other
example of the infusion pump according to the present
invention, with the door of the infusion pump opened.

FIG. 16 A partially cut-away front view of a pump
mechanism applied to the infusion pump in FIG. 15.

FIG. 17 A cross sectional view of a configuration of the
pump mechanism applied to the infusion pump in FIG. 15,
which is cut along a surface along a cam shaft of the pump
mechanism.

FIG. 18 A partially cut-away view from Y direction of
FIG. 16.

FIG. 19 Operation illustrations of the primary fingers of
the infusion pump in FIG. 15 in a cross sectional view, in
which each of the primary fingers is taken along a surface
orthogonal to the cam shaft.

FIG. 20 Operation explanatory diagrams of the pump
mechanism illustrated in FIG. 17.

FIG. 21 Operation explanatory diagrams of the pump
mechanism illustrated in FIG. 17.

FIG. 22 Operation explanatory diagrams of the primary
finger and the secondary fingers of the tube pressing section
illustrated in FIG. 18.

FIG. 23 Operation explanatory diagrams of the primary
finger and the secondary fingers of the tube pressing section
illustrated in FIG. 18.

FIG. 24 A diagram illustrating a relationship between an
amount of compression Ad and an entire width W2.

FIG. 25 A diagram illustrating an angle of inclination for
inclined surfaces of the primary finger and the secondary
fingers of the tube pressing section illustrated in FIG. 4.
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FIG. 26 A diagram illustrating an angle of inclination for
inclined surfaces of the primary finger and the secondary
finger of the tube pressing section illustrated in FIG. 12.

DESCRIPTION OF THE EMBODIMENTS

Now, embodiments of the present invention will
described below with reference to the drawings.

Embodiment 1

Referring to FIGS. 1-10, an infusion pump according to
the present invention will be described.

An infusion pump 1 in this embodiment, which is a
half-occlusion type infusion pump, comprises a pump body
(casing) 11 and a door 12 which closes a front side (at a tube
mounting position) of the pump body 11. The door 12 is
swingably (turnably) supported on the pump body 11 by
hinges 13, 13 and is adapted to be able to swing from a
position to fully close the front side of the pump body 11 to
its full open position (for example, a position where the door
is opened at 180 degrees).

The pump body 11 and the door 12 have a door lock
mechanism 14 to hold the closed state when the door 12 is
closed. The door lock mechanism 14 comprises a door lock
lever 141, a hook 142 and the like, and therefore the door 12
can be locked by pivoting the door lock lever 141 when the
door 12 is closed and then engaging the door lock lever 141
with the hook 142.

The pump body 11 also has a tube mounting guide (guide
groove) 111. The tube mounting guide 111 includes, in the
order from an upstream side in the infusion delivery direc-
tion, an upstream side guide portion 111a, a pump portion
1115 extending rectangularly from the upstream side guide
portion 111a and a downstream side guide portion 111c. An
upstream side valve finger 31, a primary finger 21, a pair of
secondary fingers 23, 23, and a downstream side valve finger
41 of the pump mechanism 2 as described below are
arranged internally adjacent to the pump portion 1115. Note
that on a front wall 110 of the pump body 11, an opening
1104 is provided at a position corresponding to the primary
finger 21 and the pair of secondary fingers 23, 23 and
openings 1105, 110¢ are provided in the respective positions
corresponding to the upstream side valve finger 31 and the
downstream side valve finger 41.

The upstream side guide portion 111a of the tube mount-
ing guide 111 is formed into have a laterally curved shape
(bent shape). Moreover, the downstream side guide portion
111¢ on the downstream side of the pump portion 1115 is
formed into a shape extending linearly in the vertical direc-
tion. The groove width of the upstream side guide portion
111a and that of the downstream side guide portion 111¢ on
the downstream side respectively have their dimensions
corresponding to the outer diameter of the infusion tubes T
(made of polyvinyl chloride or polybutadiene, for example)
connected to a drug solution bag, and therefore the infusion
tubes T can be mounted into the infusion pump 1 by fitting
the infusion tubes T into the upstream side guide portion
111a and the downstream side guide portion 111c.

A tube clamp 112 is provided on the upstream side guide
portion 111a. The tube clamp 112 is a member to hold the
infusion tube T temporally when mounting the tube on the
infusion pump 1 and is adapted to unlock the clamping of the
tube automatically when the door 12 is closed after mount-
ing the tube. Note that a clamp lever (not shown) is provided
in the vicinity of the tube clamp 112 and the tube clamp 112
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can be in an open state by manipulating the clamp lever
while mounting the infusion tube T.

A tube pressing plate 6 is provided on the interior side of
the door 12. The tube pressing plate 6 is provided in a
position corresponding to the pump mechanism 2 (the
upstream side valve finger 31, the primary finger 21, the
downstream side valve finger 41, etc.). The tube pressing
plate 6 is adapted to be opposed to the tips of the primary
finger 21 and each of the valve fingers 31, 41 in their most
retracted positions with a gap corresponding to the outer
diameter of the infusion tube T in the state in which the door
12 is closed. Note that the tube pressing plate 6 is held on
a base plate 62 via a buffer sheet 61 (see FIG. 4 etc., for
example).

When the infusion tube T is set to the infusion pump 1
configured as above, the door 12 is opened and the infusion
tube T connected to the drug solution bag is sequentially
fitted into [the upstream side guide portion 111a]—=[the tube
clamp 112]—+[the pump portion 1115]—[the downstream
side guide portion 111c¢], thereby mounting the infusion tube
T. After the tube is mounted as mentioned above, the door
12 is closed and locked in the closed state with the door lock
mechanism 14, thereby completing the setting of the infu-
sion tube T. Note that, in this example, the tube clamp 112
of the upstream side guide portion 111a is released in the
state in which the door 12 is closed, as described above. In
addition, when the door 12 is opened such as after infusing
is completed, the infusion tube T is occluded by the tube
clamp 112 and any free flow in which the infusion falls
freely is prevented.

—Pump Mechanism—

Now, a specific example of the pump mechanism 2 will be
described with reference to FIGS. 3-6.

The pump mechanism 2 includes a tube pressing section
20, an upstream side valve section 30 and a downstream side
valve section 40.

A tube pressing section 20 comprises the primary finger
21, an actuator 22, and a pair of secondary fingers 23, 23 as
well as a pair of sliding support members 24, 24 and a pair
of compression coil springs 25, 25 on its right and left sides,
etc.

The primary finger 21 is a member with a rectangular
cross section and has a pair of inclined surfaces 21a, 21a
provided on its right and left side surfaces. The pair of
inclined surfaces 21a, 21a is opposingly inclined to an
advancing and retracting direction of the primary finger 21
(a direction along the central axis CL 21) and is tapered so
that distance between the inclined surfaces 21a, 2la is
decreased toward the tip of the primary finger 21. The
inclined surfaces 21a, 21a of the primary finger 21 are
opposingly inclined, but have the same angle of inclination
(the angle of inclination to the central axis CL 1). The angle
of inclination for the inclined surfaces 21a, 21a will be
described later.

The central axis CL1 of the primary finger 21 is posi-
tioned along a front-rear direction of the pump body 11 (a
direction orthogonal to a longitudinal direction of the infu-
sion tube T mounted on the pump body 11, i.e., a direction
orthogonal to the front wall 110 of the pump body 11). The
primary finger 21 is slidably supported on a guide member
5 (see FIG. 5) and adapted to be capable of being advanced
and retracted in the front-rear direction of the pump body 11.
The guide member 5 is supported and fixed on the pump
body 11.

An actuator 22 is connected to a rear end of the primary
finger 21. Driving the actuator 22 causes the primary finger
21 to be advanced and retracted (the primary finger 21
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moves forward and backward), and when the primary finger
21 is in its most retracted position the tip surface 215 of the
primary finger 21 is positioned in contact with an outer
peripheral surface of the infusion tube T (in a perfect circle)
mounted on the pump body 11 (i.e., in a position corre-
sponding to the outer peripheral surface of the infusion tube
T) as shown in FIGS. 4 and 5. Furthermore, when the
primary finger 21 is advanced from this state (in its most
retracted position), the infusion tube T is pressed in the
advancing process. Here, since the infusion pump 1 in this
example is of the half-occlusion type, when the primary
finger 21 is in its most advanced position, the stroke in
advancing and retracting the primary finger 21 by the
actuator 22 is set so that the infusion tube T is not fully
occluded as shown in FIGS. 8(A) and 9(C).

Examples of the actuator 22 may include a mechanism in
which a cam to drive the primary finger 21 to advance and
retract and an electric motor to rotationally drive a cam shaft
thereof are combined (see FIG. 19, for example), and a
mechanism in which an electric motor and a rotation-
translation mechanism (for example, a rack-and-pinion gear)
are combined. An actuator which employs a solenoid as its
drive source also may be possible.

The pair of secondary fingers 23, 23 is positioned on both
sides of the primary finger 21 (between which the primary
finger 21 is sandwiched). The pair of secondary fingers 23,
23 with the same shape and dimension is positioned bilat-
erally symmetrically. Each of the secondary fingers 23, 23 is
a member with the rectangular cross section and they have
inclined surfaces 23a, 23a sliding relative to the inclined
surfaces 21a, 21a of the primary finger 21, respectively,
which are provided on their tip portion. The angle of
inclination for the inclined surfaces 23a, 23a of the second-
ary fingers 23, 23 will also be described later.

The central axis CL2 of the secondary fingers 23, 23 is
positioned along a direction orthogonal to the central axis
CL1 of the primary finger 21 (a direction parallel to the front
wall 110 of the pump body 11). The secondary finger 23, 23
are also provided with guide through holes 23¢, 23¢ extend-
ing along the central axis CL2. The inner diameter of each
of the guide through holes 23¢, 23c¢ is set to be greater than
an outer diameter of each of guide rods 242, 242 described
later by a predetermined amount, so that the secondary
fingers 23, 23 is adapted to be slidable relative to the guide
rods 242, 242. The guide through holes 23, 23 is provided
with slidable keyways 23d, 23d along which sliding key
243, 243 described later can slide.

The secondary fingers 23, 23 are slidably supported by the
sliding support member 24, 24. The sliding support mem-
bers 24, 24 have base members 241, 241 and the guide rods
242, 242 which are integrally provided thereon. The central
axis of the guide rods 242, 242 is along the central axis CL2.
The base members 241, 241 are supported and fixed on the
pump body 11.

The guide rods 242, 242 have keyways 242a, 242a
machined thereon and the sliding key 243, 243 are fitted into
the keyways 242a, 242a. The guide rods 242, 242 are
inserted into the guide through holes 23¢, 23¢ of the sec-
ondary fingers 23, 23, and further the sliding keys 243, 243
of'the guide rods 242, 242 are inserted into the keyways 234,
23d of the guide through holes 23¢, 23¢. This restricts the
movement (rotation) of the secondary fingers 23, 23 about
the axis of the guide rods 242, 242 and the secondary fingers
23, 23 are adapted to be slidable (be advanced and retracted)
only in an axial direction of the guide rods 242, 242, in other
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words, in one direction orthogonal to an advancing and
retracting direction of the primary finger 21 (a tube pressing
direction).

In addition, compression coil springs (resilient members)
25, 25 are sandwiched between the rear end surfaces of the
mentioned secondary fingers 23, 23 and the base members
241, 241, and the resilient force of the compression coil
springs 25, 25 presses the secondary fingers 23, 23 toward
the primary finger 21, so that the inclined surfaces 23a, 23a
of the secondary fingers 23, 23 are pressed and abut on the
inclined surfaces 21a, 21a of the primary finger 21, respec-
tively.

Thus, pressing the secondary finger 23, 23 by the com-
pression coil springs 25, 25 in this way causes that in a
process in which the primary finger 21 is advanced and
retracted between its most retracted position and its most
advanced position, the inclined surfaces 21a, 21a of the
primary finger 21 and the inclined surfaces 23a, 23a of the
secondary fingers 23, 23 slide in contact with each other, and
the secondary fingers 23, 23 are moved in conjunction with
the primary finger 21 being advancing and retracting
because the inclined surfaces 23a, 23a of the secondary
fingers 23, 23 are not separated from the inclined surfaces
21a, 21a of the primary finger 21.

In particular, when the primary finger 21 is advanced, the
inclined surfaces 21a, 21a of the primary finger 21 and the
inclined surfaces 23a, 23a of the secondary fingers 23, 23
slide relative to each other, and each of the secondary fingers
23, 23 is retracted in conjunction with the movement of the
primary finger 21 (the pair of secondary fingers 23, 23
moves apart from each other). On the other hand, when the
primary finger 21 is retracted, the resilient force of the
compression coil spring 25 presses the secondary fingers 23,
23 toward the primary finger 21 and the inclined surfaces
21a, 21a of the primary finger 21 and the inclined surfaces
23a, 23a of the secondary fingers 23, 23 slide relative to
each other, so that each of the secondary fingers 23, 23 is
advanced in conjunction with the movement of the primary
finger 21 (the pair of secondary fingers 23, 23 is moved in
the direction to come close to each other).

—Angle of Inclination for Finger Inclined Surface—

Now, the angle of inclination for both of the inclined
surface 21a of the primary finger 21 and the inclined surface
23a of the secondary finger 23 will be described with
reference to FIG. 25.

Firstly, assuming that the outer diameter (diameter) of the
infusion tube T in the perfect circle is designated as “d” and
the amount of compression of the infusion tube T is desig-
nated as “Ad”, an entire width W2 of the infusion tube T is
expressed as: [W2=(w/2-1)Ad+d]. The angle of inclination
01 for the inclined surfaces 21a, 21a of the primary finger
21 (the angle of inclination to the central axis CL.1) 61 may
also be expressed: [tan 81=s1/Ad].

Where,

sl=w2/2-d/2
=[(r/2-DAd+d]/2-d ]2
=(x/2-DAd/2,

and
tan 01 is expressed as below:

tan O1=[(w/2- A2 J/Ad=n/4-Y5.
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01 is expressed as below:

01 = tan" (/4 - 1/2)

=15.9°

These calculated results show that setting the angle of
inclination for the inclined surfaces 21a, 214 of the primary
finger 21 to be “15.9°” as well as setting the angle of
inclination for the inclined surfaces 23a, 23a of the second-
ary fingers 23, 23, which slide relative to the inclined
surfaces 21a, 21a of the primary finger 21 (the angle of
inclination to the central axis CL1 of the primary finger 21)
to be “15.9°” causes that the secondary fingers 23, 23 to
move in proportion to the variation [(;t/2-1)Ad+d] in the
entire width of the infusion tube T deformed due to advanc-
ing and retracting the primary finger 21 (i.e., the secondary
fingers 23, 23 move along CL.2), thereby the occurrence of
any gap between tip surfaces 23b, 235 of the secondary
fingers 23, 23 and the outer peripheral surface of the infusion
tube T in the advancing and retracting process of the primary
finger 21 can be suppressed. Note that a movement amount
of advancing and retracting the right secondary finger is
same as that of the left one, and the double movement
amount (2xAq.) is in proportion to the variation in the entire
width of the infusion tube T: [(t/2-1)Ad+d].

In this example, the angle of inclination for both of the
inclined surface 21a of the primary finger 21 and the
inclined surface 23a of the secondary finger 23 may be
exactly “15.9°” or may be 16°tp (p=tolerance), for
example.

—Valve Section—

The upstream side valve section 30 and the downstream
side valve section 40 will now be describe with reference to
FIGS. 3 and 5, etc.

Firstly, the upstream side valve section 30 comprises the
upstream side valve finger 31 and an actuator 32, etc.

The upstream side valve finger 31 is provided on the
upstream side in the infusion delivery direction of the
primary finger 21. The upstream side valve finger 31 is a
member with a rectangular cross section and positioned
along a direction parallel to the central axis CL1 of the
primary finger 21. A projection 31a is also provided at a tip
portion of the upstream side valve finger 31.

The upstream side valve finger 31 is slidably supported on
the guide member 5 (same as the primary finger 21) and
adapted to be capable of being advanced and retracted in the
front-rear direction of the pump body 11 (in the direction
orthogonal to the front wall 110 of the pump body 11) as in
the primary finger 21.

The actuator 32 is connected to the rear end of the
upstream side valve finger 31. Driving the actuator 32 causes
the upstream side valve finger 31 to be advanced and
retracted (the upstream side valve finger 31 is moved
forward and backward), and when the upstream side valve
finger 31 is in its most retracted position the tip of the
upstream side valve finger 31 (the tip of the projection 31a)
is placed in the position in contact with the outer peripheral
surface of the infusion tube T (in the perfect circle) mounted
on the pump body 11 (in the position corresponding to the
outer peripheral surface of the infusion tube T), as shown in
FIGS. 5 and 7(A). Furthermore, when the upstream side
valve finger 31 is advanced from this state (its most retracted
position), the infusion tube T is pressed in the advancing
process and the infusion tube T is completely occluded with
the upstream side valve finger 31 reaching its most advanced
position, as shown in FIG. 7 (B).
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Examples of the actuator 32 of this upstream side valve
finger 31 also may include a mechanism in which a cam to
drive the upstream side valve finger 31 to advance and
retract and an electric motor to rotationally drive a cam shaft
thereof are combined (see FIG. 19, for example), a mecha-
nism in which an electric motor and a rotation-translation
mechanism (for example, a rack-and-pinion gear) are com-
bined. An actuator which employs a solenoid as its drive
source also may be possible.

In addition, the downstream side valve section 40 com-
prises the downstream side valve finger 41 and an actuator
42, etc.

The downstream side valve finger 41 is provided on the
downstream side in the infusion delivery direction of the
primary finger 21. The downstream side valve finger 41 is a
member with a rectangular cross section and positioned
along the direction parallel to the central axis CL.1 of the
primary finger 21. A projection 41a is also provided at a tip
portion of downstream side valve finger 41.

The downstream side valve finger 41 is slidably supported
on the guide member 5 (same as the primary finger 21) and
adapted to be capable of being advanced and retracted in the
front-rear direction of the pump body 11 (in the direction
orthogonal to the front wall 110 of the pump body 11) as in
the primary finger 21.

The actuator 42 is connected to the rear end of the
downstream side valve finger 41. Driving the actuator 42
causes the downstream side valve finger 41 to be advanced
and retracted (the downstream side valve finger 41 is moved
forward and backward), and when the downstream side
valve finger 41 is its most retracted position the tip of the
downstream side valve finger 41 (the tip of projection 41a)
is placed in the position in contact with the outer peripheral
surface of the infusion tube T (in the perfect circle) mounted
on the pump body 11 (in the position corresponding to the
outer peripheral surface of the infusion tube T), as shown in
FIG. 7(C). Furthermore, when the downstream side valve
finger 41 is advanced from this state (in its most retracted
position), the infusion tube T is pressed in the advancing
process and the infusion tube T is completely occluded with
the downstream side valve finger 41 reaching its most
advanced position, as shown in FIG. 8(B).

Examples of the actuator 42 of this downstream side valve
finger 41 also may include, for example, a mechanism in
which a cam to drive the downstream side valve finger 41 to
advance and retract and an electric motor to rotationally
drive a cam shaft thereof are combined (see FIG. 19, for
example), a mechanism in which an electric motor and a
rotation-translation mechanism (for example, a rack-and-
pinion gear) are combined. An actuator which employs a
solenoid as its drive source also may be possible.

The driving of each of the actuator 22 of the primary
finger 21, the actuator 32 of the upstream side valve finger
31, and the actuator 42 of the downstream side valve finger
41 is controlled by a control unit 7. Note that each of the
actuators 22, 32 and 42 (such as an electrical motor) is
powered from any battery contained in the infusion pump 1
or any commercial power source.

Here, if the actuator 22 of the primary finger 21, the
actuator 32 of the upstream side valve finger 31, and the
actuator 42 of the downstream side valve finger 41 employ
a mechanism in which a cam to drive each of fingers 21, 31
and 32 to be advanced and retracted and an electric motor to
rotationally drive a cam shaft thereof are combined, the cam
shaft for each of the actuators 22, 32 and 42 may be the
common shaft which is rotationally driven by a single
electric motor.
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—~Control Unit—

The control unit 7 is constituted mainly by a microcom-
puter etc. The control unit 7 is connected to, but not
illustrated, an air bubble sensor (for example, an ultrasonic
sensor) which detects air bubbles mixed into the infusion
tube T mounted on the pump body 11, an open/close sensor
which detects a closed state of the door 12, a distance sensor,
etc. and output signals from each sensor are input to the
control unit 7.

Note that the distance sensor detects a gap (distance)
between the tip surface 215 of the primary finger 21 in its
most retracted position and the tube pressing plate 6 on the
door 12 side when the door 12 is closed. Examples of the
distance sensor may include a reflective photoelectric sen-
sor, a capacitance sensor or an ultrasonic sensor.

The control unit 7 controls each of the actuators 22, 32, 42
of the pump mechanism 2 by the action described later, in
accordance with a set value for the rate of infusion (an
delivery amount of infusion per unit time) which is set
(input) through an operation panel 122 on a display opera-
tion unit 120 (see FIG. 1), as well as regulates variably the
rate of infusion by controlling an interval of a solution
delivery cycle (described later). In this example, the rate of
infusion may be set every [1 mL/h] between 1 m[./h-1200
ml/h, for example.

In addition, the control unit 7 is configured to display, on
a display panel 121 of the display operation unit 120, the
operation information such as “a rate of infusion (infusion
amount)” and “an accumulated infusion time” and to display
various alerts including such as “Air Bubbles Containing
Fault” and “Door Open” as well as to enable an alarm buzzer
device.

—Operation Explanation of Pump Mechanism—

Now, the operation of the pump mechanism 2 will be
described with reference to FIGS. 7 and 8. Note that in
FIGS. 7 and 8 the each finger is illustrated without cutting
away.

[S1] Firstly, FIG. 7(A) shows the state in which the infusion
tube T mounted on the pump body 11 with the door 12
closed (referred to as an “initial state”). In the initial state,
only the downstream side valve finger 41 of the downstream
side valve section 40 is in its most advanced position and the
infusion tube T is fully occluded by the projection 41a of the
downstream side valve finger 41.

[S2] From the state shown in FIG. 7(A), the actuator 32 of
the upstream side valve finger 31 is driven to move the
upstream side valve finger 31 to its most advanced position,
thereby fully occluding the infusion tube T on the upstream
side of the primary finger 21 of the tube pressing section 20
(the upstream side in the infusion delivery direction) (see,
FIG. 7(B)).

[S3] As shown in FIG. 7(C), the actuator 42 of the down-
stream side valve finger 41 is driven to move the down-
stream side valve finger 41 in its most advanced position to
its most retracted position, thereby opening the infusion tube
T on the downstream side of the primary finger 21 (the
downstream in the infusion delivery direction).

[S4] From the state shown in FIG. 7(C), the actuator 22 of
the primary finger 21 is driven to advance the primary finger
21, thereby pressing the infusion tube T (FIG. 8(A)). The
infusion solution within the infusion tube T is sent out to the
downstream side by pressing the infusion tube T with the
primary finger 21 in this way. Here, since the infusion pump
1 in this example is of the half-occlusion type, even if the
primary finger 21 reaches its most advanced position, the
infusion tube T is not fully compressed as shown in FIGS.
8(A) and 9(C).
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[S5] From the state shown in FIG. 8(A), the actuator 42 of
the downstream side valve finger 41 is driven to move the
downstream side valve finger 41 to its most advanced
position, thereby fully occluding the infusion tube T on the
downstream side of the primary finger 21 (FIG. 8(B)).
[S6] From the state shown in FIG. 8(B), the actuator 32 of
the upstream side valve finger 31 is driven to move the
upstream side valve finger 31 to its most retracted position,
thereby opening the infusion tube T on the upstream side of
the primary finger 21 (FIG. 8(C)).
[S7] From the state shown in FIG. 8(C), the actuator 22 of
the primary finger 21 is driven to move the primary finger 21
to its most retracted position, thereby restoring the initial
state shown in FIG. 7(A).

One cycle for delivering the infusion solution is com-
pleted through the described operation, and the infusion
solution within the infusion tube T can be continuously sent
out to the downstream side by repeating this cycle sequen-
tially. Thus, the rate of infusion can be variably regulated by
controlling the interval of the solution delivery cycle.
—Operation Explanation of Primary Finger and Secondary
Finger—

Next, the operation of the primary finger 21 and the pair
of secondary fingers 23, 23 which collectively constitute the
tube pressing section 20 will be described with reference to
FIGS. 9 and 10. Note that in FIGS. 9 and 10, a pressing
finger 21 etc. are illustrated without cutting away.

[S11] Firstly, as shown in FIG. 9(A), when the primary
finger 21 is in its most retracted position (initial position),
the tip surface 216 of the primary finger 21 and the tip
surfaces 235, 236 of the pair of secondary fingers 23, 23 are
placed in the position in contact with the outer peripheral
surface of the infusion tube T (in a position corresponding
to the outer peripheral surface of the infusion tube T). Also
the tube pressing plate 6 is in contact with the outer
peripheral surface of the infusion tube T.

[S12] From the state shown in FIG. 9(A), when the actuator
22 of the primary finger 21 (see FIG. 4) is driven to advance
the primary finger 21, the tip surface 215 of the primary
finger 21 presses the infusion tube T, so that the infusion
tube T is compressed (FIG. 9(B)). Moreover, in the advanc-
ing process of the primary finger 21, the sliding of the
inclined surfaces 21a, 21a of the primary finger 21 and each
of'the inclined surfaces 23a, 234a of the secondary fingers 23,
23 relative to each other causes each of the secondary fingers
23, 23 to be moved (retracted) against the resilient force of
the compression coil springs 25, 25 in a direction orthogonal
to the tube pressing direction (along the central axis CL2
shown in FIG. 4). At this time, since the pair of secondary
fingers 23, 23 is moved (retracted) in proportion to the
variation (increasing) in the entire width of the infusion tube
T deformed due to advancing the primary finger 21 (the
entire width shown in FIG. 25: (n/2-1)Ad+d)) as described
above, in the advancing process of the primary finger 21, the
tip surfaces 23b, 23b of the secondary fingers 23, 23 are
always placed in the position corresponding the outer
peripheral surface (side surface) of the compressed infusion
tube T.

[S13] From the state shown in FIG. 9(B), when the primary
finger 21 is further advanced to reach its most advanced
position, the infusion tube T is further pressed into the state
shown in FIG. 9(C). That is to say, since the infusion tube
T is not fully compressed (in the half-occluded state) even
when the primary finger 21 is in its most advanced position,
the settling of the infusion tube T can be suppressed. Also,
since the pair of secondary fingers 23, 23 is moved (re-
tracted) in proportion to the variation (increasing) in the
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entire width of the infusion tube T in this movement process
of the primary finger 21 to its most advanced position, each
of the tip surfaces 235, 235 of the secondary fingers 23, 23
is placed in the position corresponding to the outer periph-
eral surface (side surface) of the compressed infusion tube T,
with the primary finger 21 reaching its most advance posi-
tion.

Note that the steps of [S12] and [S13] (the advancing of

the primary finger 21) corresponds to the above mentioned
step [S4].
[S14] From the state shown in FIG. 9(C) (in the most
advanced position), the actuator 22 of the primary finger 21
is driven in an opposite direction to that in pressing the
primary finger 21, thereby retracting the primary finger 21.
As retracting of the primary finger 21 in this way, the
compressed infusion tube T would be restored into the
original shape due to the tube’s own restoring force (resilient
force) (FIG. 10(A)).

Here, since the inclined surfaces 23a, 23a of the second-

ary fingers 23, 23 are pressed against the inclined surfaces
21a, 21a of the primary finger 21 due to the resilient force
of the compression coil springs 25, 25, and remains to slide
relative to the inclined surfaces 21a, 21a of the primary
finger 21, when the primary finger 21 is retracted, the pair of
secondary fingers 23, 23 is moved (advanced) due to the
resilient force of the compression coil springs 25, 25. At this
time, since the pair of secondary fingers 23, 23 is advanced
in proportion to the variation (decreasing) in the entire width
of the infusion tube T deformed (restored) due to retracting
the primary finger 21 (the entire width shown in FIG. 25:
(n/2-1)Ad+d)), in the retracting process of the primary
finger 21, the tip surfaces 23b, 235 of the secondary fingers
23, 23 are always placed in the position corresponding to the
outer peripheral surface (side surface) of the infusion tube T
in the restoring process. Accordingly, even when the infu-
sion tube T is not well restored since the side surface of the
infusion tube T is pressed by the secondary fingers 23, 23,
the infusion tube T would be restored.
[S15] From the state shown in FIG. 10(A), when the primary
finger 21 is further retracted to reach its most retracted
position, the state shown in FIG. 10(B) is achieved. That is
to say, the infusion tube T is fully restored into the original
shape (into the substantially perfect circular shape). Also in
this movement process of the primary finger 21 to its most
retracted position, since the pair of secondary fingers 23, 23
is moved in proportion to the variation (decreasing) in the
entire width of the infusion tube T, the tip surfaces 2354, 235
of the secondary fingers 23, 23 are placed in the position
corresponding to the outer peripheral surface (side surface)
of the restored infusion tube T, with the primary finger 21
reaching its most retracted position. Accordingly, even when
the infusion tube T is not well restored since the side surface
of the infusion tube T is forcedly pressed by the secondary
fingers 23, 23, the infusion tube T can be restored into the
substantially perfect circular shape. Note that the steps of
[S14] and [S15] (the retracting of the primary finger 21)
corresponds to the above mentioned step [S7].

As discussed above, according to the infusion pump 1 in
this example, in the advancing and retracting process of the
primary finger 21, since the pair of secondary fingers 23, 23
is moved in proportion to the variation in the entire width of
the infusion tube T, the occurrence of any gap between each
of the tip surfaces 235, 235 of the secondary fingers 23, 23
and the outer peripheral surface (side surface) of the infusion
tube T can be suppressed. This can prevent the infusion tube
T from meandering between the tip surface 215 of the
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primary finger 21 and the tube pressing plate 6, and the
accuracy of the rate of infusion can be improved.

Moreover, since the sliding of the primary finger 21 and
the secondary fingers 23, 23 (the sliding of their inclined
surfaces) causes the secondary fingers 23, 23 to move, only
one driving system is required for the fingers (only one
driving system is required for the primary finger 21) and the
reduction in cost can be contemplated. Also, it is advanta-
geously in that the phase shift between the movement of the
primary finger 21 and the movement of the secondary
fingers 23, 23 is not likely to occur comparing to the
conventional driving method described above, i.e., the
method of driving individually the primary and secondary
fingers or the method of driving each of the primary and
secondary fingers by the respective cam shaft.

Note that, in the example discussed above, any guide
member may be provided in order to avoid the positional
shift between the primary finger 21 and each of the second-
ary fingers 23, 23, i.e., the positional shift in the longitudinal
direction of the infusion tube T mounted on the pump body
11 (the positional shift in the vertical direction in FIG. 3).

Here, in the above example, although the single primary
finger 21 is provided between the upstream side valve finger
31 and the downstream side valve finger 41, this invention
is not limited thereto and a plurality of primary fingers
21 .. .21 may be provided between the upstream side valve
finger 31 and the downstream side valve finger 41.

In the above example, although the pump mechanism is
configured so that the secondary fingers 23, 23 (the inclined
surfaces 23a, 23a) are pressed against the inclined surfaces
21a, 21a of the primary finger 21 with the compression coil
spring 25, and the resilient force of the compression coil
spring 25 during retracting the primary finger 21 causes the
inclined surfaces 21a, 21a of the primary finger 21 and the
inclined surfaces 23a, 23a of the secondary fingers 23, 23 to
slide relative to each other, alternatively the pump mecha-
nism may be configured so that connecting means which
slidably connects the primary finger 21 and the secondary
fingers 23, 23 is provided, and the inclined surfaces 214, 21a
of the primary finger 21 and the inclined surfaces 23a, 23a
of the secondary fingers 23, 23 slide relative to each other
during the primary finger 21 is retracted.

A particular configuration of the connecting means may
involve, for example, the configuration as shown in FIG.
11(A) in which a T-shaped groove 21f is formed in the
primary finger 21 while a T-shaped slider 23f'is provided on
the secondary finger 23, so that the primary finger 21 and the
secondary finger 23 are slidably connected. In this case, the
T-shaped groove provided in the secondary finger 23 and the
T-shaper slider provided on the primary finger 21 may be
involved. In addition, as shown in FIG. 11(B), another
configuration can be employed in which a trapezoidal-
shaped groove 21g is formed in the primary finger 21 and a
trapezoidal-shaped slider 23g is provided on the secondary
finger 23, so that the primary finger 21 and the secondary
finger 23 are slidably connected. In this case, the trapezoi-
dal-shaped groove provided in the secondary finger 23 and
the trapezoidal-shaped slider provided on the primary finger
21 may be involved.

In addition, the structure which allows the secondary
finger 23 to slide relative to the pump body 11 (slide in the
direction along the central axis CL2) is not limited to that of
FIG. 4, and other structures may be employed. For example,
a structure in which a guide rod 242 is spline machined, or
a structure in which the secondary finger 23 is slidably
supported on the pump body 11 by use of the connecting
mechanism shown in FIG. 11 (the connecting mechanism in
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which the T-shaped groove and the T-shaped slider are
combined and the connecting mechanism in which the
trapezoidal-shaped groove and the trapezoidal-shaped slider
are combined) may be involved.

Note that, although in this example the half-occlusion
type infusion pump 1 is described to which the present
invention is applied, the present invention is not limited
thereto, and the full-press type infusion pump whose infu-
sion tube T is fully occluded by the primary finger 21 can be
applied.

Embodiment 2

Referring to the FIGS. 12-14, another example of the
infusion pump according to the present invention will be
described.

In the infusion pump in this example, the configuration
other than a tube pressing section 220 (pump mechanism)
described below is essentially same as that of the above
[Embodiment 1], and accordingly will not be described in
detail.

The tube pressing section 220 comprises a primary finger
221, an actuator 222, a secondary finger 223, a fixed finger
230, a sliding support member 240, a compression coil
spring 225 etc. and the technical feature of the tube pressing
section 220 is in that a single secondary finger 223 is
provided for a single primary finger 221.

The primary finger 221 is a member with a rectangular
cross section and has an inclined surface 221a provided on
one side surface thereof. The inclined surface 221a is
inclined to an advancing and retracting direction of the
primary finger 221 (a direction along the central axis CL.1).
An angle of inclination for the inclined surface 221a will be
described later. Another side surface of the primary finger
221 constitutes a plane (vertical plane 221c¢) parallel to its
advancing and retracting direction (the direction along the
central axis CL1).

This vertical plane 221c¢ is adapted to be slidable relative
to a tip surface 230a of the fixed finger 230 which is
supported and fixed on the pump body 11 (see FIG. 2). The
tip surface 230a of the fixed finger 230 acts as a restriction
surface which restricts a position of the side surface of the
infusion tube T.

The central axis CL.21 of the primary finger 221 is
positioned along the front-rear direction of the pump body
11 (see FIG. 2) (the direction orthogonal to the longitudinal
direction of the infusion tube T mounted on the pump body
11, i.e., the direction orthogonal to the front wall 110 of the
pump body 11). The primary finger 221 is slidably supported
on a member (not shown) similar to the guide member 5
shown in FIG. 5 and adapted to be capable of being
advanced and retracted along the front-rear direction of the
pump body 11.

An actuator 222 is connected to a rear end of the primary
finger 221. Driving the actuator 222 causes the primary
finger 221 to advanced and retracted (the primary finger 221
moves forward and backward), and when the primary finger
221 is in its most retracted position the tip surface 2215 of
the primary finger 221 is placed in the position in contact
with the outer peripheral surface of the infusion tube T (in
the perfect circle) mounted on the pump body 11 (i.e., in the
position corresponding to the outer peripheral surface of the
infusion tube T) as shown in FIGS. 12 and 13(A). Further-
more, when the primary finger 221 is advanced from this
state (in its most retracted position), the infusion tube T is
pressed in the advancing process. Here, since the infusion
pump 1 in this example is of the half-occlusion type, when
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the primary finger 221 is in its most advanced position, the
stroke in advancing and retracting the primary finger 21 by
the actuator 222 is set so that the infusion tube T is not fully
occluded as shown in FIG. 13(C).

Examples of the actuator 222 may include those which
combine an electric motor and a rotation-translation mecha-
nism (for example, a rack-and-pinion gear), and an actuator
which employs a solenoid as its driving source etc. Note that
the actuator 222 is controlled by the control unit 7 in the
same manner as in the [Embodiment 1]. The configuration
and control operation of the control unit 7 is essentially same
as in [Embodiment 1], and accordingly will not be described
in detail.

The secondary finger 223 is positioned on one side of the
primary finger 221. The secondary finger 223 is a member
with the rectangular cross section and has an inclined
surface 223aq sliding relative to the inclined surface 221a of
the primary finger 221, which is provided on its tip portion
(the primary finger 221 side end). The angle of inclination
for an inclined surface 223a of the secondary finger 223 will
also be described later.

The central axis CL22 of the secondary fingers 223 is
positioned along a direction orthogonal to the central axis
CL21 of the primary finger 221 (a direction parallel to the
front surface of the pump body 11). The secondary finger
223 is also provided with a guide through hole 223¢ extend-
ing along the central axis CL22. The inner diameter of the
guide through hole 223c¢ is set to be greater than an outer
diameter of the guide rod 242 described later by a prede-
termined amount, so that the secondary finger 223 is adapted
to be slidable relative to the guide rod 242. The guide
through hole 223¢ is provided with a keyway 223d along
which a sliding key 243 described later can slide.

The secondary finger 223 is slidably supported by the
sliding support member 240. The sliding support member
240 has a base member 241 and the guide rod 242, which are
integrally provided thereon. The central axis of the guide rod
242 is along the central axis CL.22 of the secondary finger
223. The base member 241 is supported and fixed on the
pump body 11.

The guide rod 242 has a keyway 242a machined thereon
and the sliding key 243 is fitted into the keyway 242a. The
guide rod 242 is inserted into the guide through hole 223¢ of
the secondary finger 223, and further the sliding key 243 of
the guide rod 242 is inserted into the keyway 223d of the
guide through hole 223¢. This restricts the movement (rota-
tion) of the secondary finger 223 about the axis of the guide
rod 242 and the secondary finger 223 can slide (advance and
retract) only in the axial direction of the guide rod 242 i.e.,
in one direction orthogonal to an advancing and retracting
direction of the primary finger 221).

In addition, a compression coil spring (resilient member)
225 is sandwiched between the rear end surface of the
mentioned secondary finger 223 and the base member 241,
and the resilient force of the compression coil spring 225
presses the secondary finger 223 toward the primary finger
221, so that the inclined surface 223a of the secondary finger
223 is pressed and abuts on the inclined surface 221a of the
primary finger 221.

Thus, pressing the secondary finger 223 by the compres-
sion coil spring 225 in this way causes that in a process in
which the primary finger 221 is advanced and retracted
between its most retracted position and its most advanced
position, the inclined surface 221a of the primary finger 221
and the inclined surface 223a of the secondary finger 223
slide in contact with each other, and the secondary finger 223
is moved in conjunction with the primary finger 221 being
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advanced and retracted because the inclined surface 223a of
the secondary finger 223 is not separated from the inclined
surface 221a of the primary finger 221.

In particular, when the primary finger 221 is advanced, the
inclined surface 221a of the primary finger 221 and the
inclined surface 223a of the secondary finger 223 slide
relative to each other, and the secondary finger 223 is
retracted in conjunction with the movement of the primary
finger 221 (the secondary finger 223 moves apart from the
fixed finger 230). On the other hand, when the primary finger
221 is retracted, the resilient force of the compression coil
spring 225 presses the secondary finger 223 toward the
primary finger 221 and the inclined surface 221a of the
primary finger 221 and the inclined surface 223a of the
secondary finger 223 slide relative to each other, so that the
secondary finger 223 is advanced in conjunction with the
movement of the primary finger 221 (the secondary finger
223 moves in the direction to be close to the fixed finger
230).

—Angle of inclination for Finger Inclined Surface—

Now, the angle of inclination for the inclined surface 221a
of the primary finger 221 and the inclined surface 223a of
the secondary finger 223 will be described with reference to
FIG. 26.

Firstly, assuming that an outer diameter (diameter) of the
infusion tube T in the perfect circle is designated as “d” and
an amount of compression of the infusion tube T is desig-
nated as “Ad”, an entire width W2 of the infusion tube T is
expressed as: [W2=(w/2-1)Ad+d]. The angle of inclination
02 for the inclined surfaces 221a of the primary finger 221
(the angle of inclination to the central axis CL.21) 62 may
also be expressed: [tan 02=s2/Ad].

Where,

s2=[(n/2-DAd +d] - d

= (/2 - DAd,

tan 02 is expressed as below:

tan 02=(/2-1)Ad/Ad=n/2-1, and

02 is expressed as below:

2 =tan ' (x/2-1)

=290.7°

These calculated results show that setting the angle of
inclination for the inclined surface 221a of the primary
finger 221 to be “29.7°” as well as setting the angle of
inclination for the inclined surface 223a of the secondary
finger 223, which slides relative to the inclined surface 221a
of the primary finger 221 (the angle of inclination to the
central axis CL.21 of the primary finger 221) to be “29.7°”
causes that the secondary finger 223 to move in proportion
to the variation in the entire width of the infusion tube T
[(m/2-1)Ad+d] deformed due to advancing and retracting the
primary finger 221 (i.e., the secondary finger 223 moves
along CL.22), thereby the occurrence of any gap between the
tip surface 2235 of the secondary finger 223 and the outer
peripheral surface of the infusion tube T in the advancing
and retracting process of the primary finger 221 can be
suppressed. In this example, the angle of inclination for both
of the inclined surface 221a of the primary finger 221 and
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the inclined surface 223a of the secondary finger 223 may be
exactly “29.7°” or may be the 30°tf (P=tolerance), for
example.
—Operation Explanation of Primary Finger and Secondary
Finger—

Next, the operation of the primary finger 221 and the
secondary finger 223 which collectively constitute the tube
pressing section 220 will be described with reference to
FIGS. 13 and 14.

[S21] Firstly, as shown in FIG. 13(A), when the primary
finger 221 is in its most retracted position (initial position),
the tip surface 2215 of the primary finger 221 and the tip
surface 2234 of the secondary fingers 223 are placed in the
position in contact with the outer peripheral surface of the
infusion tube T (in a position corresponding to the outer
peripheral surface of the infusion tube T). Also the tip
surface 230a of the fixed finger 230 is in contact with the
outer peripheral surface of the infusion tube T and the tube
pressing plate 6 is contact with the outer peripheral surface
of the infusion tube T.

[S22] From the state shown in FIG. 13(A), when the actuator
222 of the primary finger 221 (see FIG. 12) is driven to
advance the primary finger 221, the tip surface 2215 of the
primary finger 221 presses the infusion tube T, so that the
infusion tube T is compressed (FIG. 13(B)). Note that, in the
pressing process by the primary finger 221, the side surface
of the infusion tube T (the side surface opposite to the
secondary finger 223) is restricted by the tip surface 230a of
the fixed finger 230.

Moreover, in the advancing process of the primary finger
221, the sliding of the inclined surface 221a of the primary
finger 221 and the inclined surface 223a of the secondary
finger 223 relative to each other causes the secondary finger
223 to be moved (retracted) against the resilient force of the
compression coil spring 225 in the direction orthogonal to
the tube pressing direction (along central axis CL.2 shown in
FIG. 4). At this time, since secondary finger 223 is moved
(retracted) in proportion to the variation (increasing) in the
entire width of the infusion tube T deformed due to advanc-
ing the primary finger 221 (the entire width shown in FIG.
26: (w/2-1)Ad+d)) as described above, in the advancing
process of the primary finger 221, the tip surface 22356 of the
secondary finger 223 is always placed in the position cor-
responding the outer peripheral surface (side surface) of the
infusion tube T.

[S23] From the state shown in FIG. 13(B), when the primary
finger 221 is further advanced to reach its most advanced
position, the infusion tube T is further pressed into the state
shown in FIG. 13(C). That is to say, since the infusion tube
T is not fully compressed (in the half-occluded state) even
when the primary finger 221 is in its most advanced position,
the settling of the infusion tube T can be suppressed. Also,
since the secondary finger 223 is moved (retracted) in
proportion to the variation (increasing) in the entire width of
the infusion tube T in this movement process of the primary
finger 221 to its most advanced position, the tip surface 2235
of the secondary finger 223 is placed in the position corre-
sponding to the outer peripheral surface (side surface) of the
compressed infusion tube T, with the primary finger 221
reaching its most advance position.

[S24] From the state shown in FIG. 13(C) (in the most
advanced position), the actuator 222 of the primary finger
221 is driven in an opposite direction to that in pressing the
primary finger 221, thereby retracting the primary finger
221. As this retracting of the primary finger 221 in this way,

10

15

20

25

30

35

40

45

50

55

60

65

20

the compressed infusion tube T would be restored into the
original shape due to the tube’s own restoring force (resilient
force) (FIG. 14(A)).

Here, since the inclined surface 223a of the secondary

finger 223 is pressed against the inclined surface 221a of the
primary finger 221 due to the resilient force of the compres-
sion coil spring 225, and remains to slide relative to the
inclined surface 221a of the primary finger 221, when the
primary finger 221 is retracted, the secondary finger 223 is
moved (advanced) due to the resilient force of the compres-
sion coil spring 225. At this time, since the secondary finger
223 is advanced in proportion to the variation (decreasing)
in the entire width of the infusion tube T deformed (restored)
due to retracting the primary finger 221 (the entire width
shown in FIG. 26: (/2-1)Ad+d)), in the retracting process
of the primary finger 221, the tip surface 22356 of the
secondary finger 223 is always positioned corresponding to
the outer peripheral surface (side surface) of the infusion
tube T in the restoring process. Accordingly, even when the
infusion tube T is not well restored since the side surface of
the infusion tube T is pressed by the secondary finger 223,
the infusion tube T would be restored.
[S25] From the state shown in FIG. 14(A), when the primary
finger 221 is further retracted to reach its most retracted
position, the state shown in FIG. 14(B) is achieved. That is
to say, the infusion tube T is fully restored into the original
shape (into the substantially perfect circular shape). Also in
this movement process of the primary finger 221 to its most
retracted position, since the secondary finger 223 is
advanced in proportion to the variation (decreasing) in the
entire width of the infusion tube T, the tip surface 2235 of
the secondary finger 223 is placed in the position corre-
sponding to the outer peripheral surface (side surface) of the
infusion tube T, with the primary finger 221 reaching its
most retracted position. Accordingly, even when the infusion
tube T is not well restored since the side surface of the
infusion tube T forcedly pressed by the secondary finger
223, the infusion tube T can be restored into the substantially
perfect circular shape.

As discussed above, according to the infusion pump in
this example, in the advancing and retracting process of the
primary finger 221, since the secondary finger 223 is moved
in proportion to the variation in the entire width of the
infusion tube T, the occurrence of any gap between the tip
surface 2236 of the secondary finger 223 and the outer
peripheral surface (side surface) of the infusion tube T can
be suppressed. This can prevent the infusion tube T from
meandering between the tip surface 2215 of the primary
finger 221 and the tube pressing plate 6 and the accuracy of
the rate of infusion can be improved.

Moreover, since the sliding of the primary finger 221 and
the secondary finger 223 (the sliding of their inclined
surfaces) relative to each other causes the secondary finger
223 to move, a single driving system is required for the
fingers (only one system is required for the primary finger
221) and the reduction in cost can be contemplated. Also, it
is advantageously in that the phase shift between the move-
ment of the primary finger 221 and the movement of the
secondary finger 223 is not likely to occur comparing to the
conventional driving method described above, ie., the
method wherein the primary finger and the secondary finger
are driven individually or the method wherein each of the
primary and secondary fingers is driven by the respective
cam shaft.

Note that, in the example discussed above, any guide
member may be provided in order to avoid the positional
shift between the primary finger 221 and the secondary
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finger 223 (the positional shift in the longitudinal direction
of the infusion tube T mounted on the pump body 11).

Here, in the above example, although the single primary
finger 221 is provided between the upstream side valve
finger 31 and the downstream side valve finger 41, this
invention is not limited thereto and a plurality of primary
fingers 221 . . . 221 may be provided between the upstream
side valve finger 31 and the downstream side valve finger
41.

Also in the above example, instead of the compression
coil spring 225, the connecting structure similar to those in
FIGS. 11(A) and 11(B) (the connecting structure which
slidably connects the primary finger 221 and the secondary
finger 223 such as [the T-shaped groove+the T-shaped
slider], [the trapezoidal-shaped groove and the trapezoidal-
shaped slider]) may be employed.

Further, the structure which allows the secondary finger
223 to slide relative to the pump body 11 (slide in the
direction along the central axis CL2 is not limited to that of
FIG. 12 and other structures may be employed. For example,
a structure in which a guide rod 242 is spline machined, or
a structure in which the secondary finger 223 is slidably
supported on the pump body 11 by use of the connecting
mechanism shown in FIG. 11 (the connecting mechanism in
which the T-shaped groove and the T-shaped slider are
combined and the connecting mechanism in which the
trapezoidal-shaped groove and the trapezoidal-shaped slider
are combined) may be involved.

Note that, although in this example the half-occlusion
type infusion pump is described to which the present inven-
tion is applied, the present invention is not limited thereto,
and the full-press type infusion pump whose infusion tube T
is fully occluded by the primary finger 221 can be applied.

Embodiment 3

The still other example of the infusion pump according to
the present invention will be described with reference to
FIGS. 15-23. Note that, in FIGS. 17 and 19-21, an eccentric
cam 322q is illustrated without being cut away.

An infusion pump 300 in this example comprises the
pump body 11 and the door 12 which closes the front side
(at the tube mounting position) of the pump body 11. The
door 12 is swingably (turnably) supported on the pump body
11 by the hinges 13, 13 and is adapted to be able to swing
from the position to fully close the front side of the pump
body 11 to its full open position (for example, the position
in which the door is opened at 180 degrees).

In the infusion pump 300 in this example, the configura-
tion other than those described below is essentially same as
that of the above [Embodiment 1], and accordingly will not
be described in detail.

The infusion pump 300 in this example, which is of a
peristaltic finger type (the full-press), comprises a pump
mechanism 302

The pump mechanism 302 comprises a plurality of pri-
mary fingers 321 . . . 321 arranged along a single direction
(a direction along the infusion tube T mounted on the pump
body 11) (7 fingers in the example shown in FIG. 17), a
plurality of eccentric cams 322a . . . 3224 for respectively
driving each of the primary fingers 321 . . . 321 to advance
and restrict, a cam shaft 322 which rotates each of the
eccentric cam 322a, a plurality of secondary fingers
323 . . . 323 provided for each of the primary finger
321 ...321, atube pressing plate 330, a holding frame 340,
a guide member 341, etc.
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The primary fingers 321 . . . 321 and the secondary fingers
323 ... 323 of the pump mechanism 302 are adjacent to the
front side of the pump body 11 via an opening 1104 of the
front wall 110 of the pump body 11. Also the door 12 is
provided with the tube pressing plate 330. The tube pressing
plate 330 is provided in a position corresponding to the
pump mechanism 302 (the primary fingers 321 . .. 321, etc.).
The tube pressing plate 330 is adapted to be opposed to the
tip of the primary finger 321 of the pump mechanism 302
(the primary finger 321 in its most retracted position) with
a predetermined gap (a gap corresponding to the outer
diameter of the infusion tube T) when the door 12 is closed.

The primary fingers 321 . . . 321 are plate-like members
and can be advanced and retracted (move forward and
backward) individually in the front-rear direction of the
pump body 11 (the direction orthogonal to the longitudinal
direction of the infusion tube T mounted on the pump body
11, i.e., the direction orthogonal to the front wall 110 of the
pump body 11).

The primary fingers 321 . . . 321 are held on the holding
frame 340. The front side of the holding plate 340 has
openings 340a . . . 3404 which are respectively provided in
the position corresponding to each of the primary fingers
321 . . . 321. Each tip portion of the primary fingers
321 ... 321 is adjacent to the front side (the infusion tube
T side) of the holding frame 340 via the respective opening
340aq. In addition, the guide member 341 is mounted to the
rear side of the holding frame 340, and the guide member
341 and walls between the openings 340a of the holding
frame 340 restricts the movement of the primary fingers
321 ... 321 in their axial direction (an axial direction of the
cam shaft 322).

Each of the primary fingers 321 has the respective cam
hole 321c¢ formed therein. The disk-like eccentric cam 322a
is respectively fitted into each of the cam hole 321c¢. Each of
the eccentric cams 322a is rotable within the respective cam
hole 321¢, and these eccentric cams 322a . . . 322a are
attached to the cam shaft 322 to be integrally rotatable.

The center of each of the disk-like eccentric cams 322a is
eccentric with respect to the cam shaft 322, and as shown in
FIG. 19, during the cam shaft 322 is rotated by one rotation
(rotated through 360°), a tip 3215 of the primary finger 321
would undergo a single stroke between its most advanced
position (tube occluding position) and its most retracted
position (tube full-open position). In addition the plurality of
the eccentric cams 322a . . . 322a are attached to the cam
shaft 322 with a predetermined phase difference with one
another (the phase difference in therotational direction of the
cam shaft 322). In particular, the eccentric cams 322qa . . .
322a are attached to the cam shaft 322 with the phase
difference (360°/a number of the eccentric cams 322a) such
that the tips 3215 . . . 3215 of the primary fingers 321 . . .
321 aligned in an axial direction of the cam shaft 322
conform with the substantially sinusoidal wave. Note that
FIG. 19 shows the positions of the primary finger 321 for
every 90° rotation of the cam shaft 322.

The cam shaft 322 of the pump mechanism 302 described
above is provided along the vertical direction (an arranging
direction of the plurality of the primary fingers 321 ... 321)
as shown in FIG. 17.

A lower end of the cam shaft 322 is rotatably supported
by a bearing 362 provided on the holding frame 340. An
upper portion of the cam shaft 322 is projected upward
through the wall of the holding frame 340. The projected
portion of the cam shaft 322 has a bearing 361 by which the
upper portion of the cam shaft 322 is rotatably supported.

A timing pulley (idler pulley) 371 is attached to an upper
end of the cam shaft 322 to integrally rotatable. A timing belt
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373 is wounded between the timing pulley 371 of the cam
shaft 322 and another timing pulley (driving pulley) 372
attached to the rotational shaft 351 of an electric motor (for
example, stepping motor) 350 to be integrally rotatable, so
that driving the electric motor 350 causes the cam shaft 322
to be rotated. The electric motor 350 is drive-controlled
(rotation-controlled) by the control unit 307. Note that, in
this example, the electric motor 350 is powered from any
battery contained in the infusion pump 1 or any commercial
power source.

Further, when driving the electric motor 350 causes the
cam shaft 322 to rotate, each of the eccentric cam 322a is
rotated within the cam hole 321¢ of the primary finger 321.
As each of the eccentric cam 322aq is eccentrically rotated,
each of the primary finger 321 is sequentially advanced and
retracted from the upstream side (the upstream side in the
infusion delivery direction) to the downstream side. In
particular, as shown in FIGS. 20(A), (B) and 21(A), (B), the
tips 3215 of the primary fingers 321 move from the upstream
side to the downstream side in a peristaltic wave manner.
Through the advancing and retracting (stroke movement) of
the primary fingers 321 . . . 321 in this way, the peristaltic
motion is imparted to the infusion tube T positioned between
these tips 3215 . . . 3215 of the primary fingers 321 .. . 321
and the tube pressing plate 330, so that the infusion solution
within the infusion tube T is sent out from the upstream side
to the downstream side. Note that, in this example, in order
to mitigate the overload on the infusion tube T by the
primary fingers 321 . . . 321, a buffer sheet 331 is provided
between the tube pressing plate 330 and a base plate 332.
—Control Unit—

A control unit 307 is constituted mainly by a microcom-
puter etc. The control unit 307 is connected to, but not
illustrated, an air bubble sensor (e.g., an ultrasonic sensor)
which detects air bubbles mixed into the infusion tube T
mounted on the pump body 11, an open/close sensor which
detects a closed state of the door 12, a distance sensor, etc.
as described later and output signals from each sensor are
input to the control unit 307.

The control unit 307 regulates variably the rate of infusion
by controlling a number of rotation of the electric motor 350
in a pump driving mechanism 302 in accordance with the set
value for the rate of infusion (the delivery amount of
infusion per unit time) which is set (input) through the
operation of the operation panel 122 on the display operation
unit 120 (see, FIG. 1). In this example, the rate of infusion
may be set every [1 mL/h] between 1 m[./h-1200 mL/h, for
example.

In addition, the control unit 307 is configured to display,
on the display panel 121 (see FIG. 1) of the display operation
unit 120, the operation information such as “a rate of
infusion (infusion amount)” and “an accumulated infusion
time” and to display various alerts including such as “Air
Bubbles Containing Fault” and “Door Open” as well as to
operate an alarm buzzer device.

—Technical Feature—

We will explain the technical features of the infusion
pump 300 in this example.

The infusion pump 300 in this example has a pair of
secondary fingers 223, 223 positioned on the right and left
sides of the primary finger 321. Note that, since the plurality
of primary fingers 321 . . . 321 and the plurality pairs of
secondary fingers 323, 323 provided for each of the primary
fingers 321 have the same configuration, a single primary
finger 321 and a pair of secondary fingers 323, 323 will be
described below.
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A pair of inclined surfaces 3214, 321a are provided on the
right and left side surfaces of the primary finger 321. The
pair of inclined surfaces 321a, 321a is opposingly inclined
in an advancing and retracting direction of the primary
finger 321 (a central axis CL 31 direction) and tapered so as
that the distance between the inclined surfaces 321a, 321a is
decreasing toward the tip of the primary finger 321. The
angle of inclination for the inclined surfaces 321a, 321a (the
angle of inclination to a central axis CL.31) is the same value
as in the above-described [Embodiment 1] (“15.9°” or
“16°xp7).

A central axis CL31 of the primary finger 321 is posi-
tioned along the front-rear direction of the pump body 11
(the direction orthogonal to the longitudinal direction of the
infusion tube T mounted on the pump body 11, i.e., the
direction orthogonal to the front wall 110 of the pump body
11).

The primary finger 321 is advanced and retracted (moves
forward and backward) by rotating the eccentric cam 322a
as described above, and when the primary finger 321 in its
most retracted position the tip 3215 of the primary finger 321
is placed in the position in contact with the outer peripheral
surface of the infusion tube T (in the perfect circle) mounted
on the pump body 11 (i.e., in the position corresponding to
the outer peripheral surface of the infusion tube T) as shown
in FIGS. 18 and 22(A) etc. Furthermore, when the primary
finger 321 is advanced from this state (in its most retracted
position), the infusion tube T is pressed in the advancing
process. Here, since the infusion pump 1 in this example is
of the full-press type, when the primary finger 321 is in its
most advanced position, the infusion tube T is fully occluded
in its most advanced position as shown in FIG. 22(C).

The pair of secondary fingers 323, 323 is positioned on
the both sides of the primary finger 321. The pair of
secondary fingers 323, 323 with the same shape and dimen-
sion is positioned bilaterally symmetrically. The secondary
fingers 323, 323 each are plate-like members and have the
respective inclined surfaces 323qa, 323« at their tip portions
(on their primary finger 321 side) which slide relative to the
inclined surfaces 321a, 3214 of the primary finger 321. The
angle of inclination for the inclined surfaces 323a, 3234 of
the secondary finger 323 (the angle of inclination to the
central axis CL31 of the primary finger 321) is the same
value as in the above-described [Embodiment 1] (“15.9°” or
“16°xp7).

The central axis CL32 of the secondary fingers 323, 323
is placed in the direction orthogonal to the central axis CL1.31
of the primary finger 321 (the direction parallel to the front
wall of the pump body 11). Further, each of secondary
fingers 323, 323 has also two guide through holes 323¢, 323¢
parallel to the central axis CL32. The two guide through
holes 323c¢, 323c¢ are positioned vertically to sandwich the
central axis CL32 of the secondary finger 323 between them.
The inner diameter of each of the guide through holes 323c¢
is set larger than the outer diameter of a guide rod 3245
described below by a predetermined amount so that the
secondary finger 323 is adapted to be slidable relative to the
guide rod 324b.

The secondary fingers 323, 323 are slidably supported by
the sliding support member 324, 324. Each of the sliding
support members 324, 324 has a base member 324a and the
two guide rods 3245, 3245, which are integrally provided
thereon. The central axis of the each guide rod 3426 is along
the direction parallel to the central axis CL32. The base
members 241, 241 are supported and fixed on the pump
body 11.
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The two guide rods 3245, 3245 of the each sliding support
member 324 are positioned vertically to sandwich the cen-
tral axis CL32 of the secondary finger 323 between them.
This results that the movement (rotation) of the secondary
fingers 323, 323 about the central axis CL.32 is restricted and
the secondary fingers 323, 323 are adapted to be slidable
(advance and retreat) in the axial direction of the guide rods
324b, 324b, in other words, in one direction orthogonal to
the advancing and retracting direction of the primary finger
321.

In addition, compression coil springs (resilient members)
325, 325 are sandwiched between the rear end surfaces of
the secondary fingers 323, 323 and the base members 324a,
324a, and the resilient force of the compression coil springs
325, 325 presses the secondary fingers 323, 323 toward the
primary finger 321, so that the inclined surfaces 323a, 323a
of'the secondary fingers 323, 323 are pressed and abut on the
inclined surfaces 321a, 321a of the primary finger 321,
respectively.

Thus, pressing the secondary fingers 323, 323 by the
compression coil springs 325, 325 in this way causes that in
the process in which the primary finger 321 is advanced and
retracted between its most retracted position and its most
advanced position, the inclined surfaces 321qa, 321a of the
primary finger 321 and the inclined surfaces 323a, 323a of
the secondary fingers 323, 323 slide in contact with each
other, and the secondary fingers 323, 323 are moved in
conjunction with the primary finger 321 being advanced and
retracted because the inclined surfaces 323a, 323a of the
secondary fingers 323, 323 are not separated from the
inclined surfaces 321a, 321a of the primary finger 321.

In particular, when the primary finger 321 is advanced, the
inclined surfaces 321a, 321a of the primary finger 321 and
the inclined surfaces 323a, 323a of the secondary fingers
323, 323 slide relative to each other, and each of the
secondary finger 323, 323 is retracted in conjunction with
the movement of the primary finger 321 (the pair of the
secondary finger 323, 323 apart from each other). On the
other hand, when the primary finger 321 is retracted, the
resilient force of the compression coil spring 325 causes the
inclined surfaces 321a, 321a of the primary finger 321 and
the inclined surfaces 323a, 323a of the secondary fingers
323, 323 to slide relative to each other and each of the
secondary fingers 323, 323 is advanced in conjunction with
the movement of the primary finger 321 (the pair of sec-
ondary fingers 323, 323 is move in the direction to be close
to with each other).

—Operation Explanation of Primary Finger and Secondary
Finger—

Next, the operation of the primary finger 321 and the pair
of secondary fingers 323, 323 will be described with refer-
ence to FIGS. 22 and 23.

[S31] Firstly, as shown in FIG. 22(A), when the primary
finger 321 is in its most retracted position (initial position),
the tip 3215 of the primary finger 321 and the tip surfaces
3235, 323b of the pair of secondary fingers 323, 323 are
positioned on the outer peripheral surface of the infusion
tube T (in a position corresponding to the outer peripheral
surface). Also the tube pressing plate 330 is in contact with
the outer peripheral surface of the infusion tube T.

[S32] From the state shown in FIG. 22(A), when the primary
finger 321 is advanced, the tip 32156 of the primary finger
321 presses the infusion tube T, so that the infusion tube T
is compressed (FIG. 22(B)). Moreover, in the advancing
process of the primary finger 321, the sliding of the inclined
surfaces 321a, 321a of the primary finger 321 and each of
the inclined surfaces 323a, 323a of the secondary fingers
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323, 323 relative to each other causes the pair of secondary
fingers 323, 323 to be moved (retracted) against the resilient
force of the compression coil spring 325, 325 in the direction
orthogonal to the tube pressing direction (along to the
central axis CL32 shown in FIG. 18). At this time, since the
pair of secondary fingers 323, 323 is moved in proportion to
the variation (increasing) in the entire width of the infusion
tube T deformed due to advancing the primary finger 321
(the entire width shown in FIG. 26: (n/2-1)Ad+d)), in the
advancing process of the primary finger 321, the tip surfaces
3235, 323b of the secondary fingers 323, 323 are always
placed in the position corresponding the outer peripheral
surface (side surface) of the infusion tube T.

[S33] From the state shown in FIG. 22(B), when the primary
finger 321 is further advanced to reach its most advanced
position, the infusion tube T is further pressed into the state
shown in FIG. 22(C). That is to say, the infusion tube T is
occluded by the primary finger 321. Also, since the pair of
secondary fingers 323, 323 is moved (retracted) in propor-
tion to the variation (increasing) in the entire width of the
infusion tube T in this movement process of the primary
finger 321 to its most advanced position, each of the tip
surfaces 3235, 3235 of the secondary fingers 323, 323 is
placed in the position corresponding to the outer peripheral
surface (side surface) of the compressed infusion tube T,
with the primary finger 321 reaching its most advanced
position.

[S34] From the state shown in FIG. 22(C) (in the most
advanced position), when the primary finger 321 is moved
(retracted) in an opposite direction to that in pressing the
primary finger 321, the compressed infusion tube T is
restored in the original shape due to the tube’s own restoring
force (resilient force) along with the retracting of the pri-
mary finger 321 (FIG. 23(A)).

Here, since the inclined surfaces 323a, 323a of the
secondary fingers 323, 323 are pressed against the inclined
surfaces 221a, 221a of the primary finger 321 due to the
resilient force of the compression coil spring 325, and
remains to slide relative to the inclined surfaces 21a, 21a of
the primary finger 321, when the primary finger 321 is
retracted, the pair of secondary fingers 323, 323 is moved
(advanced) due to the resilient force of the compression coil
springs 325, 325. At this time, since the pair of secondary
fingers 323, 323 is advanced in proportion to the variation
(decreasing) in the entire width of the infusion tube T
deformed (restored) due to retracting the primary finger 321
(the entire width shown in FIG. 26: (;t/2-1)Ad+d), in the
retracting process of the primary finger 321, the tip surfaces
3235, 323b of the secondary fingers 323, 323 are always
placed in the position corresponding to the outer peripheral
surface (side surface) of the infusion tube T in the restoring
process. Accordingly, even when the infusion tube T is not
well restored since the side surface of the infusion tube T is
pressed by the secondary fingers 323, 323, the infusion tube
T would be restored.

[S35] From the state shown in FIG. 23(A), when the primary
finger 321 is further retracted to reach its most retracted
position, the state shown in FIG. 23(B) is achieved. That is
to say, the infusion tube T is fully restored into the original
shape (into the substantially perfect circular shape). Also in
this movement process of the primary finger 321 to its most
retracted position, since the pair of secondary fingers 323,
323 is moved in proportion to the variation (decreasing) in
the entire width of the infusion tube T, the tip surfaces 3235,
3235 of the secondary fingers 323, 323 are placed in the
position corresponding to the outer peripheral surface (side
surface) of the restored infusion tube T, with the primary
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finger 321 reaching its most retracted position. Accordingly,
even when the infusion tube T is not well restored since the
side surface of the infusion tube T is forcedly pressed by the
secondary fingers 323, 323, the infusion tube T can be
restored into the substantially perfect circular shape.

As described above, according to the infusion pump 300
in this example, in the advancing and retracting process of
the primary finger 321, since the pair of secondary fingers
323, 323 is moved in proportion to the variation in the entire
width of the infusion tube T, the occurrence of any gap
between each of'the tip surfaces 3235, 3235 of the secondary
fingers 323, 323 and the outer peripheral surface of the
infusion tube T can be suppressed. This can prevent the
infusion tube T from meandering between the tip 3215 of the
primary finger 321 and the tube pressing plate 6 of even the
infusion pump 300 is of the full-press type, and the accuracy
of the rate of infusion can be improved.

Moreover, since the sliding of the primary finger 321 and
the secondary fingers 323, 323 causes the secondary fingers
23, 23 to move, only one single driving system is required
for the fingers (only one system is required for the primary
finger 321) and the reduction in cost can be contemplated.
Also, it is advantageously in that the phase shift between the
movement of the primary finger 321 and the movement of
the secondary fingers 323, 323 is not likely to occur com-
paring to the conventional driving method described above,
i.e., the method wherein the primary finger and the second-
ary finger are driven individually or the method wherein
each of the primary finger and the secondary fingers is
driven by the respective cam shaft.

Note that, in the example discussed above, any guide
member may be provided in order to avoid the positional
shift between the primary finger 321 and each of the
secondary fingers 323, 323, i.e., the positional shift in the
longitudinal direction of the infusion tube T mounted on the
pump body 11 (the positional shift in the vertical direction
in FIG. 16).

Here, in the above example, although the plurality of
primary fingers 321 are provided so as to be separated with
each other, the plurality of the primary fingers 321 may be
positioned in contact with each other (in a slidable state).

Moreover, in the above example, although the infusion
pump has 7 primary fingers 321, the present invention is not
limited thereto, and any other number of primary fingers
may be possible, wherein the number is more than one.

Further, in the above example, although two secondary
fingers 323, 323 are provided for the single primary finger
321, the present invention is not limited thereto, and a single
secondary finger 323 may be provided for the single primary
finger 321.

INDUSTRIAL APPLICABILITY

The present invention can be utilized in an infusion pump
used such as in the case of infusing an amount of drug
solution for medical use into a human body.

EXPLANATION OF REFERENCES

1, 300: infusion pump

11: pump body

12: door

2, 302: pump mechanism

20, 220: tube pressing section

21, 221, 321: primary finger

21a, 221a, 321a: inclined surface (sliding surface)
22, 222: actuator
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23, 223, 323: secondary finger
23a, 223a, 323a: inclined surface (sliding surface)
25, 225, 325: compression coil spring (resilient member)
30: upstream side valve section
31: upstream side valve finger
40: downstream side valve section
41: downstream side valve finger
6, 330: tube pressing plate
7, 307: control unit
350: electric motor
T: infusion tube

The invention claimed is:

1. An infusion pump comprising a pump mechanism
which presses an infusion tube to deliver an amount of
infusion solution within the infusion tube,

wherein the pump mechanism comprises:

a primary finger capable of being advanced and
retracted in an advancing and retracting direction
relative to the infusion tube, the primary finger
having a pair of tapered inclined surfaces opposingly
inclined to the advancing and retracting direction,
and the primary finger pressing the infusion tube
when the primary finger is advanced;

driving means which moves the primary finger in the
advancing and retracting direction; and

a pair of secondary fingers each capable of being
advanced and retracted only in one direction
orthogonal to the advancing and retracting direction
of the primary finger, each of the pair of secondary
fingers having an inclined surface arranged to con-
tact and slidable relative to one of the tapered
inclined surfaces of the primary finger,

wherein when the primary finger is advanced and

retracted, the tapered inclined surfaces of the primary
finger and the inclined surfaces of the secondary fingers
are arranged to slide in contact with each other, thereby
causing the secondary fingers to move in conjunction
with the movement of the primary finger in the direc-
tions orthogonal to the advancing and retracting direc-
tion of the primary finger,

wherein, when the primary finger is advanced, the sec-

ondary fingers are retracted in proportion to a variation
in an entire width of the infusion tube, and when the
primary finger is retracted, the secondary fingers are
advanced in proportion to the variation in the entire
width of the infusion tube, and

wherein, with an angle of inclination for the tapered

inclined surfaces of the primary finger relative to a

central axis being 01, 61 is set to satisfy 01=

tan~t (;w/4-15).

2. The infusion pump according to claim 1, further
comprising

a resilient member which presses the inclined surfaces of

the secondary fingers against the tapered inclined sur-

faces of the primary finger, wherein the tapered
inclined surfaces of the primary finger and the inclined
surfaces of the secondary fingers are configured to slide
relative to each other due to a resilient force of the
resilient member when the primary finger is retracted.

3. The infusion pump according to claim 1, further
comprising

connecting means which slidably connects the primary

finger and the secondary fingers,

wherein the tapered inclined surfaces of the primary

finger and the inclined surfaces of the secondary fingers
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are configured to slide relative to each other due to the
connection of the connecting means when the primary
finger is retracted.

4. The infusion pump according to claim 1,

wherein the pump mechanism further comprises an
upstream side valve finger which occludes openably/
closably the infusion tube on an upstream side of an
infusion delivery direction of the primary finger, and a
downstream side valve finger which occludes open-
ably/closably the infusion tube on a downstream side of
an infusion delivery direction of the primary finger.

5. The infusion pump according to claim 1,

wherein the primary finger is a plurality of primary fingers
capable of being advanced and retracted relative to the
infusion tube, the plurality of primary fingers pressing
the infusion tube when the plurality of primary fingers
is advanced, and

wherein the driving means individually moves the plu-
rality of primary fingers in the advancing and retracting
direction, the amount of infusion solution being sent
out in a peristaltic motion by driving each of the
plurality of primary fingers to advance and retract to the
infusion tube, wherein the pair of secondary fingers is
a plurality of secondary fingers provided for the pri-
mary fingers of the pump mechanism.

6. An infusion pump comprising a pump mechanism

which presses an infusion tube to deliver an amount of
infusion solution within the infusion tube,

wherein the pump mechanism comprises:

a primary finger capable of being advanced and
retracted relative to the infusion tube, the primary
finger pressing the infusion tube when the primary
finger is advanced;

driving means which moves the primary finger in the
advancing and retracting direction; and

a secondary finger capable of being advanced and
retracted only in one direction orthogonal to the
advancing and retracting direction of the primary
finger,

wherein the primary finger has an inclined surface which
is obliquely inclined to the advancing and retracting
direction, and the secondary finger has an inclined
surface which is arranged to contact the inclined sur-
face of the primary finger,

wherein when the primary finger is advanced and
retracted, the inclined surface of the primary finger and
the inclined surface of the secondary finger are
arranged to slide in contact with each other, thereby
causing the secondary finger to move in conjunction
with the movement of the primary finger in the direc-
tion orthogonal to the advancing and retracting direc-
tion of the primary finger,

wherein, when the primary finger is advanced, the sec-
ondary finger is retracted in proportion to a variation in
an entire width of the infusion tube, and when the
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primary finger is retracted, the secondary finger is
advanced in proportion to the variation in the entire
width of the infusion tube,

wherein the inclined surface of the primary finger is an
inclined surface inclined to the advancing and retract-
ing direction, and the secondary finger is a single
secondary finger with an inclined surface slidable rela-
tive to the inclined surface of the primary finger, and

wherein, with an angle of inclination for the inclined
surface of the primary finger relative to a central axis
being 02, 02 is set to satisfy 02=tan™" (m/2-1).

7. The infusion pump according to claim 6, further

comprising

a resilient member which presses the inclined surface of
the secondary finger against the inclined surface of the
primary finger, wherein the inclined surface of the
primary finger and the inclined surface of the secondary
finger are configured to slide relative to each other due
to a resilient force of the resilient member when the
primary finger is retracted.

8. The infusion pump according to claim 6, further

comprising

connecting means which slidably connects the primary
finger and the secondary finger,

wherein the inclined surface of the primary finger and the
inclined surface of the secondary finger are configured
to slide relative to each other due to the connection of
the connecting means when the primary finger is
retracted.

9. The infusion pump according to claim 6,

wherein the pump mechanism further comprises an
upstream side valve finger which occludes openably/
closably the infusion tube on an upstream side of an
infusion delivery direction of the primary finger, and a
downstream side valve finger which occludes open-
ably/closably the infusion tube on a downstream side of
an infusion delivery direction of the primary finger.

10. The infusion pump according to claim 6,

wherein the primary finger is a plurality of primary fingers
capable of being advanced and retracted relative to the
infusion tube, the plurality of primary fingers pressing
the infusion tube when the plurality of primary fingers
is advanced, and

wherein the driving means individually moves the plu-
rality of primary fingers in the advancing and retracting
direction, the amount of infusion solution being sent
out in a peristaltic motion by driving each of the
plurality of primary fingers to advance and retract to the
infusion tube, wherein the secondary finger is a plural-
ity of secondary fingers provided for the primary fin-
gers of the pump mechanism.
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